The analytical solution of the recently proposed ideal chain polymer mean-spherical approximation (Yu. Kalyuzhnyi, Mol.Phys., 94, 735(1998)) is presented for the multicomponent mixture of charged hardsphere linear chain flexible molecules. The solution apply to any mixture of chain molecules with arbitrary distribution of the charge and size of the beads along the molecular backbone. Closed form analytical expressions for the internal energy, Helmholtz free energy, chemical potentials and pressure are derived. By way of illustration thermodynamical properties of several versions of the fluid of charged chain molecules of different length, including the molecules with uniform, diblock and alternating distribution of the charge are studied. Theoretical predictions are in reasonable agreement with available computer simulation predictions. We present also the liquid-gas phase diagrams for the systems with diblock and alternating distribution of the charge.
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The analytical solution of the recently proposed ideal chain polymer mean-spherical approximation (Yu.Kalyuzhnyi, Mol.Phys., 94, 735(1998)) is presented for the multicomponent mixture of charged hardsphere linear chain flexible molecules. The solution apply to any mixture of chain molecules with arbitrary distribution of the charge and size of the beads along the molecular backbone. Closed form analytical expressions for the internal energy, Helmholtz free energy, chemical potentials and pressure are derived. By way of illustration thermodynamical properties of several versions of the fluid of charged chain molecules of different length, including the molecules with uniform, diblock and alternating distribution of the charge are studied. Theoretical predictions are in reasonable agreement with available computer simulation predictions. We present also the liquid-gas phase diagrams for the systems with diblock and alternating distribution of the charge.
I. INTRODUCTION
In recent years substantial amout of efforts has been focused on the development of theoretical approaches predicting the equilibrium structure and thermodynamical properties of charged polymer solutions. This information enables one to esteblish the stability limits and to build the phase diagrams of such fundamentally and technologically importent systems as polyelectrolyte solutions (for example DNA, polyacrilic acid) and polyampholyte solutions [2] , extension [3, 4] of the simple interpolation scheme (SIS) of Stell and Zhou [5] and extensions [6] [7] [8] [9] [10] of the multidensity integral equation theory for associating fluids of Wertheim [11] . The latter studies are based on the analytical solution of the mean spherical approximation (MSA) version of the multidensity theory, the so-called polymer MSA (PMSA) [6] [7] [8] 12] . In the case of uncharged system direct application of Wertheim's original formulation by Chang and Sandler [13, 14] gave rise to a polydisperse fluid of chains with a prescribe mean number of beads. A subsequent extension by Kalyuzhnyi and Cummings [15] yields a model that polymerizes to a fluid of chains of fixed length in the complete association limit. In that limit, two-density Wertheim's Ornstein-Zernike (OZ) equation becomes identical to the Rossky-Chiles [16] version of the "proper" site-site integral equations [17] ("proper-RISM") as first noted by Kalyuzhnyi and Stell [18] and later discussed in more details by Stell [19] and by Kalyuzhnyi and Cummings [20] . More recently complete association version of this extension was combined with the ideal chain approximation [11, 13, 21] and generalized for the systems with arbitrary long-range potential outside the hard-core region [9] . As a result the corresponding version of the PMSA was formulated and Høye-Stell scheme [22] of calculating the simple fluids thermodynamical properties was extended in the frames of the PMSA [9] . Subsequently von Solms and Chiew [10] combine PMSA and ideal chain approximation in a way similar to that proposed by Chang and Sandler [13] . The resulting polydisperse chain mixture was used to describe thermodynamical properties of the two-component mixture of fixed-length chain molecules with equally charged beads and oppositelly charged monomer counterions. Results of the theory appeare to be in reasonable agreement with computer simulation results [23] . We note in passing, that ideal chain approximation utilized by von Solms and Chiew [10] is somewhat different from the original one [11, 13] . In the corresponding Wertheim's OZ equation the authors take into account all partial correlation functions, while due the original ideal chain approximation [11, 13] correlations involving at least one doubly bonded particle are neglected. More recently general solution of the PMSA [7, 8] for polymerizing charged hard spheres, supplemented by the ideal chain approximation, was used to derive closed form analytical expressions for thermodynamical properties of charged chain fluid with a certain restrictions imposed on the sizes of the chain beads [24] . In the latter study the authors propose an improved version of the ideal chain approximation, which satisfies the Debye-Hückel limiting law.
In this paper we present an analytical solution of the ideal chain PMSA [9] for the multicomponent mixture of charged hard-sphere flexible chain molecules. Unlike the previous studies proposed version of the PMSA is quite general and apply for any mixture of the chain molecules with arbitrary distribution of the charge and size of the beads along the molecular backbone. Our solution represents a complete association limit of the general solution obtained earlier [7, 8] for the fluid of polymerizing charged hard spheres. Similar, as in the case of primitive electrolyte model [25] this solution reduces to the solution of only one algebraic equation for the MSA-like screening parameter Γ. We also generalize recently developed method of calculating PMSA thermodynamics via the energy route [9] for the multicomponent case and derived closed form analytical expressions for internal energy, The paper is orgenized as follows. In the next section we discuss detailes of the model to be studied and formulate ideal chain PMSA theory. Section III gives solution of the ideal chain PMSA and Section IV contains expressions for thermodynamic and structure properties of the system. Numerical results and discussion can be found in Section V and in Section VI we collect our conclusions. The site-site pair potential U ab αβ (r) between the sites of the type α and β belonging to the molecules of species a and b can be written in the form
where U (hs)ab αβ (r) is the hard-sphere potential and U (C)ab αβ (r) is the Coulomb potential
with ǫ 0 being the dielectric constant of the continuum.
In this study we are using the multidensity version of the mean spherical approximation (MSA) [11, 12, 6, 9] (or polymer MSA (PMSA)) supplemented by the so-called ideal chain approximation [11, 13, 21, 9] . Both PMSA and the ideal chain approximation have been discussed at length earlier and therefore we will omit any details and present here only the final expressions. The theory consists of the Ornstein-Zernike-like integral equation
and PMSA boundary conditions 
, t ij , α and E are the following matrices
Here the lower indices i, j each take the values 0, A, and B, and denote the bonding states of the corresponding particle, i.e. 0 denotes the unbonded state and A and B denote the A-bonded and B-bonded states, respectively. The total partial correlation functions h
are related to the site-site total correlation functions h ab αβ (r) by the following relation
The set of the OZ equations (4) together with the PMSA closure conditions (5) represent our ideal chain PMSA theory for the fluid of charged linear chain hard-sphere molecules.
III. SOLUTION OF THE IDEAL CHAIN PMSA FOR THE FLUID OF CHARGED CHAIN MOLECULES
Recently a general solution of the PMSA for the multicomponent mixture of polymerizing charged hard spheres was published [7, 8] . Here we elaborate on this general solution by utilizing additionally the ideal chain approximation [11, 13, 9] and specializing it for the case of the model at hand.
The general solution was obtained using Baxter's tecnique, which factorizes the initial OZ equation (4) into a set of two equations
where T denotes the transpose matrix. The projections S ab αβ (r) and J ab αβ (r)
satisfy the following boundary conditions From the analysis of the equations (7) (8) 
HereẼ,ã a α andz a α are the row vectors
Coefficients of the Baxter q-function can be expressed in terms of only one parameter,
i.e. the screening PMSA parameter Γ [25, 7, 8] . We have
Here Γ satisfies the following equation
whereX a α is the row vectorX
Thus solution of the PMSA for the present model reduces to the solution of the algebraic equation (21) for the screening parameter Γ.
IV. STRUCTURE AND THERMODYNAMICS

A. Structure properties
The contact values of the regular part of the partial pair distribution functions g ab α i β j (σ ab αβ +) follow from the relation (8) after differentiating it with respect to r and taking the limit of r → σ
where g 
σ aa β+1β
The values of g ab α i β j (r) for r > σ ab αβ can be calculated using the following relation 
follows from the set of equations (7) and (8),
written in the Fourier k-space
which givesγ
Here ρ,ĥ(k),ĉ(k) and bQ(k) are the matrices with the elements ρ
respectively. Substituting expression for the fuction Q ab α i β j (r) (11) into the right hand side of the Fourier transformation (27) we find that
where
This result allow us to derive the expression for the structure factor
Using the second of the relations (25) we havê
B. Thermodynamic properties
Expression for the excess internal energy ∆E follows from the standard relation
which after some calculations gives
The other thermodynamical properties of the system in question can be calculated following the method developed earlier [9] . This method generalizes Høye-Stell MSA energy route to thermodynamics [22] in the frames of the present PMSA approach. Originally this generalization was developed for the one-component case. Extension of the method in the multicomponent case is rather straightforward and yields the following expressions for the Helmholtz free energy A, pressure P and chemical potential µ 
− βρ a µ 
and
The reference system is represented by the multicomponent mixture of uncharged hardsphere chain molecules. Expressions (34), (35) and (36) are quite general and apply for any type of the potential outside the hard-core. The quantities, which enter these expressions can be written in terms of the present solution of PMSA for the model at hand. We have
Here expression (41) is obtained by differentiating of the equation (8) Finally in figure 7 we present the liquid-gas phase diagram for the system of trimers with the middle bead charge z there is no solution of the equation (21) in the low density region, therefore we were not able to calculate the coexistence curve for the temperatures lower than those shown in the figure. This model can be seen as a complete association limit of the primitive 2:1 electrolyte model. Recent computer simulation studies [27, 26, 28, 29] of the electrolyte primitive model suggest that in the vicinity of the coexistance region the system is highly associated and This estimate for the critical point together with Debye-Hückel (DH) theory estimate [29] and MSA phase diagram are shown in figure 7 . In addition, for the sake of completeness, we present the liquid-gas phase diagram for the RPM of electrolyte, obtained from the MC simulation method [27, 30] , MSA and our PMSA for neutral diatomics [9] . One can see that predictions of the PMSA is much better in comparison with usual MSA. In both cases DH predictions for the critical temperature is close to those of the PMSA, however the corresponding predictions for the critical density are much worse.
VI. CONCLUDING REMARKS
In this study we obtain an analytical solution of the ideal chain PMSA for the multi- 
